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[57] ABSTRACT

An electromagnetic gun assembly includes a gun barrel,
a projectile structure disposed within the gun barrel,
and a plurality of bore rider members disposed between

the projectile structure and the gun barrel. The bore

rider members are dimensioned and arranged to main-
tain the projectile structure spaced-apart from the gun
barrel, restrict lateral movement of the projectile struc-
ture relative to the gun barrel, accommodate ablative
mass loss, and accommodate static and dynamic gun
barrel expansion. Each bore rider member has a tapered
shape that includes converging first and second sur-
faces, the first surface facing the gun barrel, the second
surface facing the projectile structure, and the first and

second surfaces converging in a direction opposite t0 a
direction of acceleration in which the projectile struc-

ture is to be accelerated along the gun barrel. Each bore
rider member is moveably disposed in a position such
that as ablative mass loss occurs to the bore rider mem-
ber, it moves relative to the projectile structure in the
direction in which the first and second surfaces con-
verge to remain wedged between the projectile struc-
ture and the gun barrel.

4 Claims, 1 Drawing Sheet
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1
ELECTROMAGNETIC GUN BORE RIDER

LICENSE RIGHTS

The U.S. Government has a paid-up license in this
invention and the right in limited circumstances to re-
quire the patent owner to license others on reasonable
terms as provided for by the terms of that certain con-

tract No. F29601-85-C-0100 awarded by the U.S. Air
Force Space Technology Center.

BACKGROUND OF THE INVENTION

1. Technical Field |

This invention relates generally to electromagnetic
rail guns, and more particularly to a new and improved
launch assembly for use with such a gun.

2. Background Information

Electromagnetic guns are used to accelerate small
projectiles to hypervelocity speeds. The projectile
structure may include a projectile enclosed by a sabot,
and this structure is configured to fit snugly in the gun
barrel. Together, the projectile structure and electro-
magnetic gun may be called an electromagnetic gun
assembly that launches the projectile. It does this with
electromagnetic forces produced as electric current
flows down a conductive rail on one side of the barrel,
across a conductive medium (armature) at the rear of
the projectile structure, and then back along a second
conductive rail on the other side of the barrel.

Due to the high velocities attained, the interface be-
tween the sabot and the barrel is subject to large shear
or frictional forces as the projectile structure is acceler-
ated down the barrel. The associated frictional heating
can lead to excessive ablation of the sabot so that the
gap at the sabot-barrel interface increases. Also, barrel
expansion from internal pressure and shot-to-shot wear
can result in dynamic and static increases in the barrel
size relative to the projectile structure. As these effects
occur, the increased gap may result in a balloting mo-

tion of the projectile structure, i.e. an oscillating lateral

motion caused by a loose fit. |
This balloting motion is characterized by repetitive

ricocheting of the projectile structure off opposite walls
of the gun barrel that can result in structural failure of
the sabot and excessive damage to the barrel. In addi-
tion, balloting can introduce angular tip-off, where
lateral forces cause the projectile to exit the muzzle at
an angle inclined to the barrel axis.

Consequently, it is desirable to have an electromag-
netic gun assembly that maintains the projectile struc-
ture in substantially constant and uniform contact with
the barrel during launch in order to eliminate such spu-
rious motion.

Prior art in this field includes U.S. Pat. No. 112,121 to
Builer which relies on a flexible metallic disk that is
flattened against the projectile base by the force of
discharge. The motion of the disk forces attached
wedges forward into beveled slots in the projectile,
thereby driving out radial studs into grooves in the
barrel wall. The motion of the studs in the grooves
imparts rotation to the projectile. Each wedge requires
a pin or key inserted into the studs which prevents the
studs from being thrown from the socket after the pro-
jectile leaves the gun.

The projectile described in the Butler patent requires
a metal base plate, a large number of interrelated mov-
ing parts to initiate motion of the studs, keys and pins to
retain the studs after exit from the barrel, and it is in-
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tended to rotate the projectile. None of these features
are required or desired with the present invention. In
addition, the present invention is not restricted to pro-
jectile structures of circular cross-section, and 1t does
not require grooves (rifling) in the barrel walls.

U.S. Pat. No. 1,098 to James describes a projectile to
be used in a rifled cannon for the purpose of imparting
to the projectile, when fired, a rotary motion about its
axis and to eliminate windage, thereby increasing the
force of the discharge. It relies on the pressure in the
chamber, or the motion of a tapered wedge in the pro-
jectile base to force an expansive packing surrounding
the projectile into contact with the bore of the gun and
into grooves thereof. This causes the projectile to be
rotated as it is being discharged.

The projectile described in the James patent relies on
the force of discharge acting directly on the packing or
on a conical wedge to expand the packing into rifled
grooves. In addition, it is restricted to projectiles of
circular cross-section, and it is intended to rotate the
projectile.

U.S. Pat. No. 34,493 to Havens describes a projectile
requiring two cast iron pieces, and it is restricted to
cylindrically-shaped projectiles of circular cross-sec-
tion. The rear piece has a conical front portion which
mates to the base of the front piece. When the charge is
fired the rear piece of the projectile is driven toward the
front piece with the conical front section causing ta-
pered segments to expand radially against the wall of
the gun. This radial motion causes the tapered segments
to expand into grooves in the barrel to prevent windage.

Thus the projectile described in the Havens patent
requires a two-piece projectile, it relies on relative mo-
tion between the front and rear portions of the projec-
tile, and it depends on the force of the explosive charge.

U.S. Pat. No. 3,023,704 to Dawson, et al. describes
projectiles for mortars and like projectors having unri-
fled barrels. Such projectiles require a comparatively
large clearance between the largest circumference of
the projectile structure and the barrel walls. The projec-
tile is intended to reduce leakage of propellant gases
through the clearance gap and is restricted to projec-
tiles of circular cross-section. It relies on the pressure of
the propellant gases to distort a resilient annular ring or
to move it forward to seal the gap, as opposed to ehimi-
nating spurious lateral motion of the projectile.

SUMMARY OF THE INVENTION

This invention solves the problems associated with
the prior art by providing an assembly with tapered
pads or bore riders between the projectile structure and
the gun barrel. The tapered configuration of the bore
riders allows self-adjusting, rearward translational mo-
tion of the bore riders to compensate for ablation mass
loss, and this maintains constant contact with the barrel
that restricts lateral movement of the projectile struc-
ture. |

In other words, as the bore riders wear away, they
slide along matched tapered grooves in the projectile
structure to move opposite the direction of acceleration
into the sabot-barrel gap. Thus, they wedge into the gap
to maintain the desired contact and thereby reduce
spurious motion.

Generally, an electromagnetic gun assembly con-
structed according to the invention includes a gun bar-
rel and a projectile structure disposed within the gun
barrel. The projectile structure may take the form of a
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projectile encased in a sabot measuring ten to twenty
centimeters across, for example.
According to a major aspect of the invention, there 1s

provided a plurality of bore rider members disposed
between the projectile structure and the gun barrel. The
bore rider members are dimensioned and arranged to

maintain the projectile structure spaced-apart from the

gun barrel, such that friction forces between the projec-
tile structure and the barrel are minimized. In addition,
they restrict lateral movement of the projectile struc-
ture relative to the gun barrel and accommodate abla-
tive mass loss resulting from frictional forces produced
during acceleration of the projectile structure along the
gun barrel.

Each one of the bore rider members has a tapered
shape that includes converging first and second sur-
faces, the first surface facing the gun barrel, the second
surface facing the projectile structure, and the first and
second surfaces converging in a direction opposite to a
direction of acceleration in which the projectile struc-
ture is to be accelerated along the gun barrel. Each one
of the bore rider members is moveably disposed in a
position such that as ablative mass loss occurs to the
bore rider member, it moves relative to the projectile
structure in the direction in which the first and second
surfaces converge to remain wedged between the pro-
jectile structure and the gun barrel.

According to another aspect of the invention, there 1s
provided a plurality of longitudinally-extending
grooves in the projectile structure. Each one of the
grooves is dimensioned and arranged to receive one of
the bore rider members, and includes an inclined surface
against which the bore rider members seats. The in-
clined surface inclines toward the gun barrel as it ex-
tends in a direction generally opposite to the direction
of acceleration. '

In line with the above, the invention includes a
method of reducing spurious motion of a projectile
structure as it is accelerated in the barrel of an electro-
magnetic gun. The method proceeds by maintaining the
projectile structure spaced-apart from the gun barrel
during acceleration with tapered bore rider members
moveably disposed between the projectile structure and
the gun barrel. This is done so that as ablative mass loss
occurs to the bore rider members, the bore rider mem-
bers move relative to the projectile structure to remain
wedged between the projectile structure and the gun

" barrel.

BRIEF DESCRIPTION OF THE DRAWINGS |

FIG. 1 of the drawings 1s a diagrammatic cross sec-
tional view of an electromagnetic gun assembly con-
structed according to the invention that includes a pro-
jectile structure mounted on eight bore riders within a
square-bore electromagnetic gun barrel;

FIG. 2 is an enlarged perspective view of a portion of
another projectile structure, showing a typical bore
rider configuration; and

FIG. 3 is a force diagram showing the forces acting
on a bore rider during launch.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, there 1s shown a new
and improved electromagnetic gun assembly 10 con-
structed according to the invention. The assembly 10
includes a projectile structure 11 disposed within a
generally square electromagnetic gun barrel 12 where i1t
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4

is maintained spaced-apart from the gun barrel walls
13-16 by bore rider members or bore riders 17-24. The
projectile structure 11 may take any of various forms,
such as a projectile encased in a sabot. Similarly, the

gun barrel 12 may be conventionally configured in any
of various shapes and with electrically conductive ratls

and other components that are not shown but conven-
tionally utilized to accelerate the projectile structure 11
along the gun barrel 12. The illustrated square shapes
may be used, for example, in applications where aerody-
namic considerations are unimportant.

The invention provides a means of maintaining a
generally constant gap width at the interface between
the projectile structure 11 and the gun barrel walls
13-16. The bore riders 17-24, fabricated from a material
with large heat of ablation (e.g., graphite), seat in
matching grooves 25-32 in the projectile structure 11 in
order to constrain lateral motion of the projectile struc-
ture 11, i.e., motion generally transverse to a longitudi-
nal axis of the gun barrel 12 (not shown) along which
the projectile structure 11 1s accelerated.

The bore riders 17-24 are disposed between the gun
barrel walls 13-16 and the projectile structure 11. They
are dimensioned and arranged to maintain the projectile
structure 11 spaced-apart from the gun barrel 12. They
restrict lateral movement of the projectile structure 11
relative to the gun barrel 12, and they accommodate
ablative mass loss resulting from frictional forces pro-
duced during acceleration of the projectile structure 11
along the gun barrel 12.

The bore riders 17-24 are disposed between the gun
barrel walls 13-16 and the projectile structure 11 so that
they can move relative to the projectile structure 11 in
a direction opposite a direction of acceleration in which
the projectile structure 11 is to be accelerated along the
longitudinal axis of the gun barrel 12. In other words,
bore riders 17-24 are free to translate in the aft direction
as material is ablated from them during transit along the
gun barrel 12. The gap between the projectile structure
11 and the gun barrel walls 13-16 is sized to exceed the
maximum gas layer thickness developed between the
gun barrel walls 13-16 and the bore riders 17-24 due to
the ablation process. Initially, however, the bore riders
17-24 directly contact the gun barrel walls 13-16.

Further details of operation are shown in FIG. 2,
which is an enlarged perspective view of a portion of
another projectile structure 40. The projectile structure
40 is illustrated apart from the gun barrel 12, although it
is intended to represent a projectile structure that is
dimensioned and arranged to fit loosely within the gun
barrel 12 with a gap of the desired size. It includes an
obturator member 41 that fits snugly within the gun
barrel 12 as a base or pusher plate.

The projectile structure 40 defines a longitudinally-
extending groove 42 having an inclined surface 43 and
sidewalls 44 and 45. This groove 42 is dimensioned and
arranged to receive a bore rider 46 having a tapered
shape that includes converging first and second surfaces
47 and 48. The first surface 47 faces the gun barrel 12
(when the projectile structure is within the gun barrel),
the second surface 48 faces the projectile structure 40,
and the first and second surfaces 47 and 48 converge in
a direction opposite to a direction of acceleration In
which the projectile structure 40 is to be accelerated
along the gun barrel 12. The direction of acceleration is
designated in FIG. 2 by an arrow alongside the words
“Projectile Motion.”
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The bore rider 46 seats against the surface 43 of
groove 42. With the projectile structure within the gun
barrel 12, the inclined surface 43 inclines toward the
gun barrel 12 as it extends in a direction generally oppo-
site to the direction of acceleration. The incline is such
that the distance the bore rider 46 extends out of the
groove 42 toward the gun barrel 12, and the corre-
sponding depth of the groove 42 (the distance of the
inclined surface 43 from the gun barrel 12), both dimin-
ish in the aft direction. |

Thus, the groove 42 may be called a matched tapered
groove, and it receives the bore rider 46 somewhat
loosely so that the bore rider 46 can move in a direction
opposite to the direction of acceleration. This direction
is designated in FIG. 2 by an arrow alongside the words
“Relative Bore Rider Motion.” With the bore rider 46
within the groove 42 in this way, it is moveably dis-
posed in a position such that as ablative mass loss occurs
to the bore rider 46, it moves relative to the projectile
structure 40 in the direction in which the first and sec-
ond surfaces 47 and 48 converge (opposite the direction

of acceleration) to remain wedged between the projec-

tile structure 40 and the gun barrel 12.
In other words, as the first surface 47 of the bore rider

46 ablates, the bore rider 46 moves relative to the pro-
jectile structure 40. As this occurs, the groove 42 serves
as retainer means for retaining the bore rider 46 in de-
sired alignment with said projectile structure 40, con-
fined between the sidewalls 44 and 45.

Initially, the bore rider 46 is located in the foremost

position (further away from the obturator member 41),
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and its exposed surface (the first surface 47) is essen-

tially in direct contact with the gun barrel 12 (touching
one of the gun barrel walls 13-16). Frictional heating
generated during launch of the projectile structure 40
causes ablation of the bore rider 46, however, and the

35

' "'mass removal from the bore rider 46 increases the gap

between the bore rider 46 and the gun barrel 12. As this
gap increases, the combination of acceleration forces
and frictional drag causes the bore rider 46 to slide aft in
the groove 42 (toward the obturator member 41).

" This relative motion causes the bore rider 46 to main-
tain contact with the gun barrel 12 so that balloting and
tip-off of the projectile structure 11 are substantially
eliminated. For large frictional heating rates, the gas
produced by vaporization of the bore rider 46 can lead
to the development of a thin, seif-pumped gas bearing at
the interface between the first surface 47 of the bore
rider 46 and the gun barrel 12. However, the perfor-
mance and principle of operation of the bore rider 46
are independent of the frictional processes at the inter-
face (i.e., whether the frictional forces are induced by
sliding contact or by hydrodynamic shear).

Considering now FIG. 3, there is shown a force dia-
gram that illustrates the forces during acceleration.
During launch the force F, acting normal to the mter-
face between the second surface 48 of the bore rider 46

and the inclined surface 43 of the projectile structure 40,

can be expressed as:

Fy=Mpa/sin A

where Mpgis the btjre rider mass, a is the launch acceler-
ation, and A is the angle of bore rider taper relative to
the longitudinal axis of the gun barrel 12. It follows that

surface 47 of the bore rider 46 and the gun barrel 12 1s
given by:
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65
the lateral load Fr exerted at the interface of the first

Fr=Fpncos A

Fr=Mpa/tan A

and that the frictional force Fgacting on the bore rider
surface is:

Fr=fefFr

Fr=f.rMpa/tan A

where f.ris the effective coefficient of sliding friction.
The total frictional heat dissipation Qf, which causes
ablation of the bore rider 46, can be written as:

QrF=FFL

Qr=fgrMpaL/tan A

where L is the length of the gun barrel 12 (or launch
tube). Therefore, the mass ablated M4 is given by:

M4=QF/Q4
My=fMpal./Q4 tan A

where Q4 is the heat of ablation of the bore rider mate-
rial (i.e., the heat per unit mass required to vaporize the
material of which the bore rider 46 is composed). Fi-
nally, the thickness X4 of material ablated during

launch can be expressed as:

- X4=M 4/density-S

where density is the density of the bore rider material
and S is the surface area of the first surface 47 of the
bore. rider 46 in contact with the gun barrel 12. For
graphite bore riders, best estimates of the above param-

eters are:

Parameter Value

density 1.92 grams/cm?
S 6.45 cm?

Mp 16 grams

a 10° g’s

A 30 degrees

feff 0.1 -

L 40 meters

Q4 30 MJ/kg

Substituting numerical values into the above equa-
tions vields a total ablation mass loss M4=3.8 grams
and an ablation depth X4=0.3 centimeters. The mass
loss is less than twenty-five percent of the initial bore
rider mass. In this connection, it should be noted that a
smaller, more typical value of coefficient of friction will
yield correspondingly less ablation loss.

Thus, the invention solves the problems associated
with the prior art by providing tapered pads or bore
riders between the projectile structure and the gun
barrel. The tapered configuration of the bore riders
allows self-adjusting, rearward translational motion of
the bore riders to compensate for ablation mass loss, and
this maintains constant contact with the barrel that
restricts lateral movement of the projectile structure.
As the bore riders wear away, they slide along matched
tapered grooves in the projectile structure to move
opposite the direction of acceleration into the sabot-bar-
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rel gap so that they wedge into the gap to maintain the
desired contact and thereby reduce spurious motion.
Although an exemplary embodiment of the invention
has been shown and described, many changes, modifica-
tions, and substitutions may be made by one having
ordinary skill in the art without necessarily departing
from the spirit and scope of this invention. For example,

a fluorinated hydrocarbon material, such as the com-
mercially available material sold under the tradename

Teflon, or other plastic material, may be employed
instead of the graphite material discussed above.

What is claimed is:

1. An electromagnetic gun assembly, comprising:

(a) a gun barrel;

(b) a projectile structure disposed within said gun
barrel; and

(c) a plurality of bore rider members disposed be-
tween said projectile structure and said gun barrel,
said bore rider members being dimensioned and
arranged to maintain said projectile structure
spaced-apart from said gun barrel, restrict lateral
movement of said projectile structure relative to
said gun barrel, accommodate ablative mass loss
resulting from frictional forces produced during

~ acceleration of sdid projectile structure along said
gun barrel, and accommodate static and dynamic
gun barrel expansion;

(d) each one of said bore rider members having a
tapered shape that includes converging first and
second surfaces, said first surface facing said gun
barrel, said second surface facing said projectile
structure, and said first and second surfaces con-

verging in a direction opposite to a direction of
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acceleration in which said projectile structure is to
be accelerated along said gun barrel; and
(e) each of said bore rider members being moveably
disposed in a position such that as ablative mass loss
occurs to said one bore rider member, said bore
rider member moves relative to said projectile
structure in said direction in which said first and
second surfaces converge to remain wedged be-
tween said projectile structure and said gun barrel,
(f) said projectile structure including retainer means
for retaining said bore rider members in desired
alignment with said projectile structure, said re-
tainer means including a plurality of circumferen-
tially spaced longitudinally-extending grooves on
said projectile structure, each one of said grooves
being dimensioned and arranged to receive one of
said bore rider members. |
2. An assembly as recited in claim 1, wherein the
circumference of said projectile structure is rectangular,
the total circumferential extent of said grooves is a
minor portion of the circumference of said projectile
structure, and each of said grooves includes an inclined
surface against which a respective one of said bore rider
members seats, said inclined surface inclining toward
said gun barrel as said inclined surface extends in a
direction generally opposite to said direction of acceler-
ation.
3. An assembly as recited in claim 1 wherein:
said bore rider members are composed of a graphite
material.
4. An assembly as recited in claim 1 wherein:
said bore rider members are composed of a plastic

material.
b p *x i K
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